Abstract The San Diego County Water Authority of California has initiated planning for coastal desalination facilities to augment their water supplies. Integration of the different water qualities from these facilities into existing pipelines must be achieved. This investigation determined whether, and to what degree, consumers can discriminate between desalinated seawater and imported water supplies and how these investigations can contribute to decision making regarding the need for construction of facilities to blend such supplies prior to delivery. Based upon the results of the flavour profile analysis panel and the consumer evaluation sessions, it was concluded that free chlorine versus chloramine disinfection or different concentrations of disinfectants did not significantly affect consumer perception of the taste and odour of desalinated seawater or blends with Colorado River water and State project water. Consumers were able to discern between desalinated seawater and imported water, preferring imported water when forced to make a choice. However, the investigators did not believe that the difference in consumer perception was significant enough to warrant special blending facilities to mitigate the relatively minor aesthetic quality differences between imported water supplies and desalinated seawater.
Introduction
Coastal desalination facilities are in the planning stages for the San Diego County Water Authority (SDCWA) in southern California to augment their water supplies. Integration of the water from these facilities into existing pipelines must be achieved. Absent extraordinary measures and costs, the Desalinated Water Conveyance Facility could result in a cycle where a proportion of customers might receive pure desalinated water one day and pure imported water the next day. If consumers can discern substantial differences between the two water supplies, SDCWA may wish to take actions to reduce these water quality differences. The management options include blending supplies, treatment options and post-treatment conditions to determine, and if necessary narrow, the flavour difference of the two waters.
The objective of this project was to determine whether, and to what degree, consumers can discriminate between desalinated seawater and imported water supplies and how these investigations can contribute to decision making regarding the need for construction of facilities to blend such supplies prior to delivery. Potential consumer reactions were modelled using a professional panel and a consumer panel comprising of participants from the area potentially impacted by the different water supplies. There were very few examples of consumer panel testing in the literature to guide this project experimental design (de Greef et al., 1983) . Consumer panels have been recently shown to provide valuable insight into preferences and sensitivities of water utility customers (Aciukewicz et al., 1999) . This investigation also sought to define the effect of disinfectant residual and alkalinity on human perception of taste and odour of desalinated seawater and blends. Alkalinity adjustments to desalinated seawater will be necessary to stabilise the water with respect to corrosivity and it was important to determine whether alkalinity adjustment of desalinated water affected odour or flavour.
Materials and methods
Seawater and other water samples Seawater was collected from the Encina Power Plant outfall near Carlsbad, California. The samples were collected on the ocean side of Pacific Coast Highway and stored in five-gallon polycarbonate bottles and returned to the test laboratory. Field measurements of the raw seawater included:
The water samples were processed through an Applied Membranes dual Hydranautics 2.5 00 element reverse osmosis (RO) system. To ensure that the water was safe to drink during the flavour profile analysis (FPA) panel and consumer sessions, a UV disinfection unit was used as the final polishing step. As a control measure, FPA of one set of preand post-UV samples as conducted to ensure UV had no effect on the aesthetic qualities of the water. Treated Colorado River water (CRW) was collected from the effluent of the undisinfected microfiltration treatment plant serving the domestic water system at the Metropolitan Water District of Southern California's (Metropolitan's) Hinds Pumping Plant. State Project water (SPW) was collected from the disinfected filter effluent of Metropolitan's H.G. Mills treatment plant. Table 1 summarises the results of general mineral analyses of the three waters examined including the unadjusted RO permeate. There are significant chemistry differences between the waters, particularly regarding alkalinity, hardness, sulphate and chloride concentrations. Adjustments were made to chemistries of the source waters and blends. Alkalinity and pH in the RO permeate were adjusted by adding dissolved pharmaceutical grade calcium hydroxide in water and adjusting the pH with carbon dioxide gas. Figure 1 shows the experimental conditions and water qualities of the blends presented to the consumer panelists. The original plan was to actually sample water from the Skinner treatment plant effluent and use it in the consumer panel studies. However, an algae bloom that contributed 8 ng/L of geosmin to the plant effluent meant that a 50:50 blend of Colorado River water and State Project water needed to be made to represent the typical Skinner plant effluent.
Analytical methods
FPA is an analytical method that evaluates the sensory characteristics of water. Originally developed for evaluation of food products by Cairncross and Sjostrom (1950) , FPA was adapted for drinking water off-flavour assessment by Krasner et al. (1985) . FPA is described in Standard Methods for the Analysis of Water and Wastewater as Standard Method 2170. FPA determines the strength or intensity of each perceived odour or flavour (on a scale of 0-12) without dilution or treatment of the sample. Flavour characteristics are determined by taking water samples into the mouth; odour characteristics are determined by sniffing the sample.
Seawater samples were collected and RO permeate generated as described above. Typically, FPA samples were stored in 500 mL amber glass bottles with PTFE-lined caps. For odour and flavour determinations, samples were presented in non-odourous plastic cups (Solo Cup Company Highland Part, IL, USA) covered by watch glasses. Samples were allowed to adjust to room temperature and then analysed by the panel immediately after preparation.
Consumer panel selection and operation
Consumers were recruited by telephone by Taylor Research, Inc. (San Diego, CA, USA) which maintains a list of over 50,000 participants for consumer studies. Consumers who passed screening criteria were assigned one of three appointment sessions (72 consumers were ultimately recruited for three sessions). Participants were informed that they would receive $50 for their involvement in this study. No indications of the study's scope, instructions or objectives were given to the screened panelists prior to the panel sessions.
The 72 panelists broadly reflected the demographics of the service area of the SDCWA. The split along gender lines was approximately 50:50 and there was a broad representation of ethnicities, ages and household incomes.
Eight sets of samples were presented to consumer panelists at room temperature (approximately 22.58C) in non-odourous plastic cups. For the first seven sets of samples presented to panelists, the test was conducted by providing each participant three cups of samples to compare. Two samples were the same water and the third sample was the test water. The participant was asked to determine which of the three was "different". This type of flavour evaluation is called "forced-choice" triangle testing and is widely accepted in the field of off-flavour investigations (ASTM, 1991). The placement of the "different" cup was randomised in each presentation so that panelists would not be tempted to learn from their neighbours. The eighth set presented to the participants consisted of only two cups and the panelists were asked: "Are these two water samples different? Is the difference between these two objectionable? Which sample do you prefer?"
Results and discussion
Professional panel evaluations Figure 2 shows that the odour and flavour intensities of the RO permeate samples were generally rated as odour free or flavour free. Generally, the increases in alkalinity did not affect odour or flavour characteristics of the RO permeate samples. An adjusted alkalinity of approximately 50 mg/L as CaCO 3 was chosen for most of the subsequent experiments with RO permeate. Figures 3 and 4 show FPA results for free and total chlorine disinfectants used in ROtreated seawater. There were few consensus odour or flavour characteristics except for chlorine; chlorine intensities were low and would not generally elicit complaints from the public. Results showed a higher prevalence for chlorine odour as compared with chlorine flavour which may be a function of sample presentation: volatilisation of chlorine from the water, concentration in the headspace under the watch glass and low-level detection after removal of the watch glass covering the plastic cup. No dramatic increases in intensity were noted for higher free and total chlorine residuals. Based on these results, subsequent experiments with RO permeate and blends were conducted with free chlorine residuals of approximately 1.0 mg/L and total chlorine residuals of 2.5 mg/L. Figure 5 shows results from the FPA panels that were typical of a number of blends and water qualities studied. Similar results were obtained for total chlorine residuals of approximately 2.5 mg/L. No consensus panel results for odour or flavour were determined except for chlorine. In general, the FPA panels did not discern any significant off-flavour characteristics in either desalinated seawater or in blends of desalinated seawater and local water supplies.
Consumer panel evaluations
Figures 6 and 7 show the results of the first seven comparisons conducted by the 72 consumer panelists. For the first comparison, a statistical test showed that the panelist selection of cups containing the same water was no different from selection by chance. For comparisons 2, 3 and 4, selection of the "desal" water by the panelists was far greater than by chance alone. Therefore, they could clearly tell the difference between Skinner and desal. For the same three comparisons, increasing alkalinity of the desal water did not make the selection of the desal water any more likely. In other words, alkalinity levels in this range did not appear to impact the panelists' ability to notice differences between the two types of water.
In Figure 7 , comparisons 5, 6 and 7 indicate that the consumer panel members could identify differences between Skinner water and blends of desal and Skinner water at statistically significant levels. The panelists noted a slight decrease in ability to discern desal water as different from Skinner water at higher percent blends of Skinner water. However, this slight decrease was calculated as not statistically significant. The consumer panelists noted overwhelmingly (97.2%) that the two waters were different. However, only 62.0% noted that the difference was objectionable. Of those panelists that noted a difference in the two waters, 93.0% of them selected Skinner water as the water they preferred when compared with 100% desal.
Summary and conclusions
Based upon the results of the FPA panel and the consumer sessions: † Alkalinity adjustment did not affect expert or consumer perception of the taste and odour of desalinated seawater. Selection of the appropriate alkalinity for treated desalinated seawater should be driven by corrosion control, not consumer aesthetics. † Free chlorine or chloramine disinfection or concentration did not significantly affect consumer perception of the taste and odour of desalinated seawater or blends with Colorado River water and State Project water. † The FPA panel did not note any significant off-flavour problems in desalinated seawater; no significant off-flavours were found in blends of desalinated seawater with either State Project water or Colorado River water. † Consumers panelists were able to discern between desalinated seawater and imported water preferring imported water when forced to make a choice. Consumer panel sessions compared the two waters "side by side". This would not occur in practice because an area may get imported water in the morning and desalinated water at night (or less frequent changes). The reason for the preference of Skinner water is unknown but may involve disinfection chemistry in desalinated seawater and the formation of short-lived but odorous bromamines. † Even though consumer panelists were able to determine with a high degree of certainty the differences between desalinated seawater and imported water, the findings of no significant off-flavours by the professional panel suggests that the differences that the consumers found were detectable but small. The authors do not believe the differences in consumer panel perceptions noted in this study were significant enough to warrant special blending facilities to mitigate the aesthetic quality differences between imported water supplies and desalinated seawater.
